The aim of this study is to estimate dietary intake of benzoic acid and its salts through food additives in adult population of South East Serbia. Information on dietary intake among 620 adults (aged 18-65) was collected using a food frequency questionnaire, and 748 food samples were analyzed.
INTRODUCTION
Benzoic acid and its salts (benzoate) may naturally be present in food, but with their antimicrobial properties they have a long history of use as food preservatives. Their use as food additives was limited by Joint FAO/WHO Expert Committee on Food Additives (JECFA). According to JECFA acceptable daily intakes (ADI) of 0-5 mg/kg body weight for benzoic acid and benzoate have been established (1) .
Acute toxicity of benzoic acid as a food additive is low. However, it was observed that in sensitive persons, intake of benzoic acid lower than 5 mg/kg of body weight per day, can cause non-immunological contact reactions (pseudoallergy) (2) . Some studies suggested that very high intake of benzoic acid can cause adverse health effects such as metabolic acidosis, hyperpnoea and convulsions (1) . Few epidemiologic studies reported allergic reactions to benzoic acid and benzoate (urticaria, rinhitis and pruritis) (3) (4) (5) . For this reason, estimation of daily intake of these additives is of public health concern.
The purpose of this study was to estimate a daily intake of benzoic acid via food additives in adult population of South East Serbia.
MATERIALS AND METHOD
The study was conducted from 2008-2010, on a random sample of 620 citizens (313 men and 307 women) of South East Serbia (Nisava district) aged 18 to 65 drawn from the Central Population Register. Subjects were informed about the aims of the study and all of them agreed to take part in the study.
The structured questionnaire included personal information (name, gender, education) and life style habits (smoking and dietary habits). Body weight was self-reported during this interview.
Modified self administered food frequency questionnaires (FFQ) based on those by Willet (6) were used, as seasonal differences between the subjects' food intake might have influenced the total intake estimation. A FFQ was used to assess subjects' habitual diet, including information on weekly frequency of consumption of specific foods (98 items) in course of 1 year prior to interview.
For foods, there were 9 possible responses ranging from never to >5 times per day. The frequency category "Never or less than once a month", used by Willett, has been separated into two different categories "never" and "less than once a month". The frequency category "never" is necessary when the objective is to distinguish consumers from non-consumers.
The accredited laboratory of the Public Health Institute Nis determined the content of benzoic acid in 748 foodstuffs from domestic production and import. Results are expressed as benzoic acid equivalents. Benzoic acid and their salts were determined using spectrophotometry method, which was accredited according to ISO 17025. The determination of benzoic acid was performed according to the adapted and validated official method of analysis (Official gazette SFRJ no. 29/83) (7).
The mean dietary intake of benzoic acid was estimated according to the equation:
where Xvi is the average daily amount (kg) of a food item that contains benzoic acid or benzoates (as food additive), consumed by subjects of this study i, and Cv is concentration of benzoic acid in that food item expressed in mg/kg foodstuff, and bwi is the subject's body weight (kg). Several foodstuffs, in which benzoic acid and benzoate use is allowed, were not taken into account because of their assumed low consumption: low sugar marmalade, beverages (ice tea, energy drink), non heat treated dairy based dessert, emulsified sauces (<60% fat or >60%), mustard, and semi-preserved fish products.
Not all subjects included in the study stated consumption of foods containing these preservatives. Those subjects who reported consumption of foods containing benzoic acid and its salts as food additives were termed as consumers.
RESULTS
The values of benzoic acid in all of analyzed food samples did not exceed the maximum permitted level ( Table 1 ). The Draft of the Regulations stipulates maximum allowed concentrations of benzoic in foodstuffs (maximum permitted level [mg/kg or mg/l] -MPL) (8) (9) (10) . In 85 samples of 748 analyzed foodstuffs, benzoic acid was not detected (limit of detection 5 mg benzoic acid/kg or l).
Non alcoholic beverages include non cola beverages, cola beverages, syrup, ice tea and energy drinks. Serbian regulative for non alcoholic beverages is in accordance with EU legislation which established the maximum permitted levels of 150 mg/l for benzoic acid (8) (9) (10) . Table 2 shows percentage of food consumers and data of daily food intake (mean, standard deviation) of the food group in which the addition of benzoic acid is permitted for a total population of this study.
Most of study subjects reported consumption of: non alcoholic beverages (85.5%), ketchup and tomato products (81.8%) and pickled vegetables (home production) (91.1%) ( Table 2) . Table 3 shows estimated daily intake of benzoic acid for all study population and consumer only for each food group separately.
It was observed that the mean intake of benzoic acid per day was much lower than ADI (5 mg/kg of body weight), by the whole study population (0.32 mg/kg of body weight), and consumer as well (0.36 mg/kg of body weight). The estimate of daily intake by consumers with high intake (at the 95 percentile), was also below ADI (1.13 mg/kg of body weight) ( Table 3) . Table 4 shows a proportion of daily intake of benzoic acid for consumers only.
The mean estimated intake of benzoic acid (7.2% of ADI) was below the ADI, but the greatest contributor to the total estimated benzoic acid intake was a group of non alcoholic beverages (43.1%) and group of ketchup and tomato products (36.1%). Other important contributors to benzoic acid exposure in consumer were pickled vegetables from home production (19.4%) ( Table 4) .
DISCUSSION
In the present study, the concentration of preservatives (benzoic acid) was in all food samples within official limits. Also, it is evident that a group of non alcoholic beverages was the main source of benzoic acid. Similar situation is in other countries around the world, where the main dietary source of benzoic
Food group
Benzoic acid intake (mg/kg/bw) (11) . The analytical results of the current study showed that mean levels of benzoic acid in non alcoholic beverages were lower than those found in most of other studies from Portugal (12), Brazil (13), Belgium (14) , United Kingdom (15) and USA (16) . In the study from Korea (17) benzoic acid was not detected in carbonated beverages and in our study in some samples of cola beverages. Most European countries have estimated the dietary intake of benzoic acid. According to the Council of Europe, percentage of ADI for benzoic acid via food additive in adults, in Denmark, Estonia, France, Italy, Netherlands, United Kingdom and Norway were below the ADI (18) . Information from other studies from Denmark (19) and Belgium (14) and studies from around the world (Brazil (13), Australia (20) , New Zealand (21), Korea (17) and Japan (22) also indicated the intake of benzoic acid below ADI.
The evaluated data are not adequate for comparison. In most of these studies (18) , but not in all (13-15, 19, 21, 22) , the estimation of daily intake of benzoic acid via food additives was based on maximum limits of food additives specified in national food standard.
In our research we used analytical values of preservatives (benzoic acid and its salts) content in foods which are essential for estimating their daily intake.
It is important to note that FFQ shows that the main contributors to the dietary exposure of benzoic acid are not regularly consumed. Domestic pickled vegetables (from home production with added preservative sodium benzoate) are Serbian national food consumed only few months (3-4 month) per year, and consumption of non alcoholic beverages is higher in summer months. Thus, in those months intake of benzoic acid is much higher. Also, non alcoholic beverages have low biological values, and they are not part of healthy diet.
Based on the results of this study, which objective was reduction of the intake of benzoic acid, it is felt appropriate to recommend pasteurization of vegetables and using high-pressure sterilization, (where possible), and moderate consumption of non alcoholic beverages.
However, the results of this study indicate that dietary intake of benzoic acid via food additives in adult population of South East Serbia does not represent a public health risk.
